Introduction
Childhood cancers are entities distinct from those occurring in adults. They are relatively rare, comprising less than 1% of malignant diseases. 1 Marked differences in the incidence rates of childhood cancers are apparent in developed and developing countries. 2, 3 Of the estimated 250 000 children in whom cancer is diagnosed every year, approximately 200 000 live in countries with limited resources. 4 In Africa, approximately 50 000 new cases of childhood cancer are diagnosed every year. 5 The frequencies at which different types of cancers occur also differ between high-income countries (HICs) and low-and middle-income countries (LMICs). Indeed, income-based variations have been observed even within the same country. The most common malignant neoplasms among children in developed countries are leukaemia and central nervous system (CNS) tumours. 2 In Africa, CNS tumours are largely outnumbered by leukaemias and lymphomas.
and most of this information relies on hospital-based statistics. The South Africa Children Tumour Registry (SACTR) is the only paediatric cancer registry in Africa. 10 The most extensive data on the incidence of childhood cancers in sub-Saharan Africa have been published recently. The data reported were extracted from six population-based cancer registries, which, as members of the African Cancer Registry Network, have been evaluated as achieving a reasonable degree of population coverage. 11 In Sudan, where 40% of the population is under the age of 15 years, the true incidence of childhood cancers is unknown because of the lack of a national cancer registry. Reports of the occurrence of childhood cancers in Sudan are limited. In the absence of national cancer registries, hospital registries are the only source of information for assessing disease patterns. 12, 13 Here, we provide baseline information about the epidemiology of childhood cancers in central Sudan by reviewing hospital records of patients who were treated at the National Cancer Institute (NCI), the only cancer treating institution in central Sudan, from January 1999 to December 2015. Our findings may be generally representative of childhood cancers within the paediatric population of central Sudan.
Methods

Setting
The NCI, located in the central Sudanese state of Gezira, was established in 1989 in the Gezira capital Wad Medani. The NCI began treating patients with cancer in 1999. Today, the NCI serves approximately 4 million inhabitants of Gezira and additional patients from nearby states, such as Sennar, Gadarif, Blue Nile and Kassala. These states are connected to Wad Medani by a highway that connects these states to Khartoum, the capital of Sudan. The NCI is the only cancer treatment facility in the entire region; thus, the hospital registry functions similarly to a population-based registry. The cancer treatment modalities available at the NCI include radiotherapy, chemotherapy and palliative care. A complete clinical workup (e.g. ultrasound, X-rays, blood tests, bone marrow examination, tumour marker analysis and nuclear imaging) is available at NCI. In the region, there is one Computed tomography (CT) in the government hospital and one magnetic resonance imaging (MRI) scanner available in private hospitals. Histopathologic and cytopathologic studies are provided by the University of Gezira Medical Laboratory. Surgical operations were performed at Gezira National Center for Pediatric Surgery and Gezira Center for Neurosurgery, both of which are located in Wad Medani city.
Study design
We performed a retrospective health facility-based study to characterise the incidence of children with cancers who were treated at the NCI from January 1999 (i.e. the starting date of cancer treatment at the NCI) to December 2015. We analysed data obtained from patient case folders, pathology records and radiology reports. All records were retrieved from the NCI Records Department. We investigated each case for age at diagnosis, sex, place of residence, tumour sites and morphologic or histopathologic tumour information. Cancers were classified according to the International Classification of Childhood Cancer as set forth by the World Health Organization.
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Statistical analysis
Retrieved data were recorded in precoded protocol forms specifically designed for the study and then entered into a study database. The data were analysed with the Statistical Package for the Social Sciences (SPSS) version 20 statistical package. We present statistical data as frequency and percentage for a categorical variable or as both mean ± standard deviation (s.d.) and median (range) for a continuous variable.
Ethical considerations
Ethical approval for this retrospective study was obtained from the NCI's ethical committee. Because of the retrospective nature of the study, the ethical committee waived the requirement of informed consent.
Results
Of 15 387 new patients with cancer registered at the NCI from January 1999 to December 2015, 1159 (7.5%) were children (younger than 15 years). Nearly all paediatric cancers (1134; 98%) were diagnosed according to their histopathology, although 25 were diagnosed (all brainstem tumours) on the basis of clinical evaluation and imaging. The demographic data of the paediatric cancer population revealed that the median age at diagnosis was 6 years (range, 1-15 years). Cancers were categorised according to patient age groups as follows: 0 to 4 years, 5 to 9 years and 10 to 15 years. The distribution of children with cancer according to age group indicated that most (36%) corresponded with the 10-to 15-year age group, followed by the 0-to 4-year (33%) and 5-to 10-year (31%) age groups. Of all children, 60% were boys and 40% were girls, with a male-to-female ratio of 1.5:1.0. Approximately 76% of the children lived in rural areas.
Leukaemias were the highest frequency cancer type (29%) followed closely by lymphomas (26%) ( Table 1) . Non-CNS embryonal tumours (i.e. nephroblastoma, neuroblastoma, hepatoblastoma and retinoblastoma) occurred in 209 cases (19%). Among them, nephroblastoma was more frequent than neuroblastoma, retinoblastoma and hepatoblastoma. CNS tumours were the fifth (6%) most commonly found tumours in children who were treated at the NCI during the study period. The nasopharynx region accounted for 52% of all carcinomas diagnosis (29/55).
Most of these cancers occurred more commonly in boys than in girls, whereas nephroblastomas, soft tissue sarcomas, germ cell tumours and malignant bone tumours predominately occurred in female children (Table 1) .
When we analysed cancer type according to patient age groups, we found that leukaemias were the most frequent cancer type in the 0-to 4-year and 10-to 15-year age groups, whereas lymphomas were the most frequent in the 5-to 9-year age group (Table 1) . We observed that lymphomas, leukaemias, CNS tumours and malignant bone tumours most commonly occurred in children older than 5 years, whereas retinoblastoma, nephroblastoma and neuroblastoma occurred most commonly in children younger than 5 years. No cases of retinoblastoma were reported in the 10-to 15-year age group. Approximately 84% of malignant bone tumours occurred in the 10-to 15-year age group. The male predominance was found in all age groups (Table 2) .
To determine changes in the incidence and relative proportion of childhood cancers at the NCI over time, we categorised the number of childhood cancer cases according to three specific The median age of children with cancer who lived in rural areas was 6 years and for those who lived in urban areas it was 5 years. Children from rural areas had a male-to-female ratio of 1.5, whereas those from urban areas had a male-tofemale ratio of 1.3.
Discussion
Childhood cancer is rare everywhere in the world, with an age-standardised annual incidence generally between 94 and 142 per million children aged 0 to 14 years. Cancer incidence in children is higher in more developed countries (113-142 per million) than in less developed countries (85 per million). 15 Although the source of variability between populations for some specific childhood cancer types is largely unknown, it is most likely related to exposure to risk factors. 15 Furthermore, underreporting may contribute to a low incidence of childhood cancers in limited resource settings. 16 In Africa, only 11% of the population is included in a cancer-based registry. 17 In Sudan, the main sources of data on childhood cancers are found in hospital-based case series. 12, 13, 18, 19 Among all patients admitted to the NCI for treatment during the study period, children with cancers constituted 7.5%. This finding is similar to those of a previous study in Sudan, in which childhood cancers constituted approximately 7% of all cancer cases registered in the state of Khartoum from 2009 to 2010. 20 This is also comparable with reports from other sub-Saharan African countries, where the proportion of childhood cancer out of all cancers varies between 1.4% and 10%. 21 But the proportion of childhood cancers in this study seems to be high compared to that of HIC. Possible reasons for this difference could be that our data are from a hospital and so are not a true representation of the cancer burden. Moreover, the higher proportion of children in Sudan, as 40% of population is under the age of 15 years (Figure 1) , could be a possible explanation of the high number of childhood cancers.
An interesting finding of our study is the increasing number of paediatric patients with cancer who were treated at the NCI during the study period. This is also similar with reports from other countries in Africa. 22, 23, 24 This finding most likely reflects increased public awareness, increased awareness by general health care providers of the NCI and improved referral patterns as other centres in the region became aware of our hospital, which all contribute to the overall improved health care-seeking behaviour of the community. This suggests that when parents are provided with the opportunity for the care they seek for their children, they will travel long distances to receive treatment from what they perceive as a high-quality cancer hospital.
The preponderance of boys in this study was similar to that observed in general trends in Africa and Asia 11,23,25,26,27,28,29 but different from that observed in developed countries, where the male-to-female ratio is 1:1. This sex bias most likely reflects a cultural tradition of placing a higher value on boys than on girls, rather than actual increased incidence of cancer in boys.
The frequencies at which different types of cancers occur differ between HIC and LMICs. Comparative relative frequencies data from other LMIC countries and HIC are shown in Table 4 . 30, 31 We found leukaemias to be the most frequent paediatric cancer, followed by lymphoma and Wilms tumour. This finding is similar to that reported in a previous study conducted in Khartoum. 20 Similar findings have also been reported for countries in northern Africa, South Africa and Namibia. 10, 28, 32, 33 This is in contrast to many LMICs, where leukaemias are much less frequent than lymphomas. 8, 21, 22, 34 We found that most children with leukaemias were boys, which is also similar to that reported in other studies. 23, 35 Most of the children in our analysis resided in rural regions of Sudan, where tertiary medical care is lacking. It is plausible that some children with leukaemia may have died before registration or diagnosis. Interestingly, during the first period (1999) (2000) (2001) (2002) (2003) (2004) (2005) , lymphomas were the most frequently occurring cancers. In contrast, leukaemias were the most common cancer types in later periods (2006-2010 and 2011-2015) . This could represent either a true increase in the incidence of leukaemias or an improvement in clinical and laboratory diagnoses or better registrations in the Cancer Registries.
In HICs, lymphomas are the third most common childhood cancer, following leukaemias and CNS tumours. We found that lymphomas were the second most frequent cancer type in children treated at the NCI. Similar findings have been reported for northern African countries, South Africa and India. 24, 28, 36 This is in contrast to previous studies from other African countries that reported lymphomas as the most common tumours affecting the paediatric population. 11, 22, 34 We found that the majority of children with lymphomas were older than 5 years, which is similar to the findings of a recent report from Yemen. 29 In HICs, CNS tumours are the second most diagnosed cancers and represent 20% to 27% of all paediatric cancers. 37 The incidence of CNS tumours in our study was lower than that reported in HICs. The incidence of CNS tumours is reduced in LMICs, which may reflect ethnic variation or limited neurosurgical resources or attenuated availability of advanced imaging equipment, such as CT and MRI scanners. 8, 19 In the current study, the steep increase in the relative frequency of CNS tumours reported in the second and third periods (2006-2010 and 2011-2015) compared to the first period (1999) (2000) (2001) (2002) (2003) (2004) (2005) is likely because of the introduction of CT scan, MRI and neurosurgical services in central Sudan. 
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We found that nephroblastoma was the third most frequent cancer affecting children at the NCI. This finding is slightly higher than the findings observed by Jabeen et al., in which nephroblastoma accounted for 6.8% of childhood cancers. 38 According to the SACTR, nephroblastomas are the fourth most frequent childhood cancer in South Africa. 10 The frequency and demographics of nephroblastoma in central Sudan are in accordance with those reported worldwide, in which nephroblastomas occur primarily in children less than 5 years and with equal frequency in boys and girls.
Retinoblastoma is the most common intraocular cancer in children. In most HICs, retinoblastoma represents 2.4% to 4% of all paediatric cancers. 39, 40 This is similar to our findings but low when compared with the frequency of retinoblastoma reported in some LMICs. 34, 41 The data from Africa suggest that, in many of the populations of sub-Saharan Africa, rates are rather higher than in HICs. 11 We found that most retinoblastomas occurred in children younger than 5 years, which is similar to findings reported in other studies. 11, 42, 43 Although retinoblastoma is highly curable if diagnosed early, most children with retinoblastoma who are referred to the NCI are at an advanced stage. 44 Malignant bone tumours comprise approximately 5% of childhood neoplasms. 45 We observed that the rate of bone cancers was lower than expected. The causes of reduced incidence of childhood bone cancers at the NCI are unknown. The incidence of bone cancer is similar across the sexes and rises steeply with age. 45 Concordantly, we found that more than two-thirds of the bone cancer cases reported at the NCI occurred in children aged 10 to 14 years, but most cases occurred in girls.
In most developed countries, neuroblastoma accounts for 6% to 10% of all childhood cancers. However, the frequency of neuroblastoma was reduced in children treated at the NCI during the study period. Low frequencies of neuroblastoma have also been reported in other sub-Saharan African countries, the percentage was between 3% and 5% of all childhood cancers seen (except Madagascar, where the frequency was 7.5%). 11 As expected, we found that most neuroblastoma cases occurred in children younger than 9 years, with the majority occurring in children younger than 5 years. We found that neuroblastoma predominantly affected female children. This is in contrast with other studies, which have identified the male sex as a risk factor for neuroblastoma. 46, 47 Childhood carcinomas are rare. Consequently, they occurred infrequently in children with cancer who were treated at the NCI. Most of these cases occurred in children older than 9 years and in boys, which is similar to findings reported from Yemen. 29 Nasopharyngeal carcinoma, which is very rare worldwide, 48 was the most incident carcinoma in children at the NCI.
Primary neoplasms of the liver constitute 0.5% to 2% of cases in children younger than 15 years. 49 At the NCI, we observed a similar frequency of liver cancers in children. Hepatitis B infection is considered as the most important factor associated with hepatocellular carcinoma in children. 50 In Taiwan, Chiang et al. reported that the national hepatitis B vaccination programme that began in 1984 has been associated with over 70% reduction in the liver cancer rates among children and adolescents. 51 In our study, hepatitis B probably does not play a major role as the majority of liver tumours were in those under 4 years of age where they are almost certainly going to be hepatoblastomas.
Because our study was limited to a single institution, we cannot make conclusions on the general status of childhood cancers for all of Sudan. However, the NCI is the only cancer referral oncology institute in central Sudan; therefore, data from the NCI are the best indicator of the disease burden within this region. Nevertheless, this study provides insight into the characteristics of childhood cancers in a limited resource setting and lays the foundation for improvements in cancer care in Sudan. The findings of this study also have the potential to trigger further research into the area of childhood cancers in Sudan.
Conclusion
This study provides baseline information about the epidemiology of childhood cancers in central Sudan by reviewing hospital records of patients who were treated at NCI. There was apparently rising incidence of childhood cancers associated with the growing influence of the specialised cancer centre in the region. Leukaemias and lymphomas constituted more than half of our study population. There was a low incidence of CNS tumours, which is a common finding in under-resourced settings. A population-based cancer registry is needed to determine the true incidence of childhood cancers in Sudan.
